Colitic lesions are much more severe in C3H͞HeJBir (C3H) than C57BL͞6J (B6) mice after 10 backcrosses of a disrupted interleukin-10 (Il10) gene. This study identified cytokine deficiency-induced colitis susceptibility (Cdcs) modifiers by using quantitative trait locus (QTL) analysis. A segregating F2 population (n ‫؍‬ 408) of IL-10-deficient mice was genotyped and necropsied at 6 weeks of age. A major C3H-derived colitogenic QTL (Cdcs1) on chromosome (Chr.) 3 contributed to lesions in both cecum [logarithm of odds ratio (LOD) ‫؍‬ 14.6)] and colon (LOD ‫؍‬ 26.5) as well as colitis-related phenotypes such as spleen͞body weight ratio, mesenteric lymph node͞body weight ratio, and secretory IgA levels. Evidence for other C3H QTL on Chr. 1 (Cdcs2) and Chr. 2 (Cdcs3) was obtained. Cdcs1 interacted epistatically or contributed additively with loci on other chromosomes. The resistant B6 background also contributed colitogenic QTL: Cdcs4 (Chr. 8), Cdcs5 (Chr. 17, MHC), and Cdcs6 (Chr. 18). Epistatic interactions between B6 QTL on Chr. 8 and 18 contributing to cecum hyperplasia were particularly striking. In conclusion, a colitogenic susceptibility QTL on Chr. 3 has been shown to exacerbate colitis in combination with modifiers contributed from both parental genomes. The complex nature of interactions among loci in this mouse model system, coupled with separate deleterious contributions from both parental strains, illustrates why detection of human inflammatory bowel disease linkages has proven to be so difficult. A human ortholog of the Chr. 3 QTL, if one exists, would map to Chr. 4q or 1p.
C
rohn's disease and ulcerative colitis are the primary forms of a heterogeneous group of diseases known collectively as chronic inflammatory bowel disease (IBD). The pathogenesis of IBD most likely results from an inability to down-regulate inflammatory responses to normal enteric flora (1) . IBD is a disorder of multifactorial etiology comprising immunologic, environmental, and genetic components. A strong genetic influence is supported by increased concordance in monozygotic twins (2) and a high prevalence of disease in first degree relatives (3) . Genetic clustering in families (s) was estimated to be 36.5 for Crohn's disease, 16.6 for ulcerative colitis, and 24.7 for all IBD families (4) . Comparatively, ulcerative colitis and insulin-dependent diabetes mellitus (s ϭ 15), which are alike in terms of their genetic heterogeneity, have similar s (5). Unlike insulin-dependent diabetes mellitus, for which the MHC provides the major contribution to familial risk, MHC contributions in IBD seem much more modest (6) . In both diseases, a large number of non-MHC susceptibility loci have been indicated in family studies. Several genome-wide screens have revealed susceptibility loci for IBD on 10 different chromosomes. Of these, the most frequently replicated is Crohn's disease-associated IBD1 on chromosome (Chr.) 16 (7) (8) (9) . Evidence exists for additional loci on Chr. 1, 3, 4, 6, 7, 10, 12, 22, and X (8-11) . The genetic complexity underlying IBD in humans is illustrated by epistatic interaction reported between IBD1 on Chr. 16 and another locus on Chr. 1p (9) .
Mouse models of colitis offer an avenue for identifying IBD genes or pathways that may lead to identification of the human orthologs. Targeted mutations in a variety of mouse genes produce colitis (12) . Mice homozygous for a disrupted interleukin-10 (Il10) gene (13) support the hypothesis that a dysregulated immune response to enteric flora can trigger IBD. The severity of the colitis depends on the inbred strain background in which the disrupted gene is placed (14) . The C57BL͞6J (B6) strain background proved relatively resistant to IL-10 deficiency-induced colitis, whereas the 129͞SvEv and BALB͞c strains were highly susceptible. The C3H͞ HeJBir (C3H) strain is a genetic background that is highly susceptible to several experimentally induced forms of IBD, whereas the B6 background is resistant (15) (16) (17) . The genetic basis for susceptibility to colitis induced by dextran sulfate sodium was elucidated previously by a C3H ϫ B6 outcross (18) . In this cross, five loci controlling susceptibility were identified, with colitogenic contributions identified from both C3H and B6 progenitors on Chr. 1, 2, 5, 11, and 18 (18) . The IL-10 molecule is a T-helper 2 (Th2) cytokine important in the suppression of T cell responses against intestinal antigens (19) . Because of the known predisposition of the C3H background to experimentally induced colitis, the disrupted Il10 gene was transferred simultaneously from the B6,129 chimeric stock onto the C3H and B6 inbred backgrounds for comparison (15) . Severe lesions of the cecum and colon were detected in C3H.Il10 Ϫ͞Ϫ mice as early as 4 weeks of age, whereas B6.Il10 Ϫ͞Ϫ mice developed mild lesions that did not progress in severity (15) . Colonic and cecal lesions were intermediate in reciprocal F 1 hybrids between the parental strains at 6 weeks of age, indicating heritability of colitis and likely complex multigenic control by background modifier loci (15) .
In this study, we use a quantitative trait locus (QTL) mapping approach in identifying modifiers of cytokine deficiency-induced colitis susceptibility (Cdcs) loci responsible for colitis susceptibility in a segregating F 2 population from outcross of the C3H.Il10 
Materials and Methods
Mice. Development of the C3H and B6 stocks homozygous for a targeted mutation of the Il10 gene (formal designation Il10 tm1Cgn ) and their reciprocal F 1 hybrids have been described previously (15) . In the present study, F 1 Abbreviations: IBD, inflammatory bowel disease; Chr., chromosome; B6, C57BL͞6J; C3H, C3H͞HeJBir; QTL, quantitative trait locus͞loci; Cdcs, cytokine deficiency-induced colitis susceptibility; cM, centimorgan; ECM, Escherichia coli membrane; LOD, logarithm of odds ratio; LPS, lipopolysaccharide. ‡ To whom reprint requests should be addressed. E-mail: ehl@jax.org.
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. maximum capacity of five mice per pen. Mice were allowed free access to autoclaved food (NIH diet 31, 6% fat) and acidified water (pH 2.8-3.2). At 6 weeks of age, females and males were necropsied for tissue collection and analyzed for various phenotypes positively correlated with the progression of colitis. This time point was chosen because the parental strains already showed highly significant differences in histopathologic lesions at this time point (15) .
The Il10 gene is located on Chr. 1 at 69.9 centimorgans (cM). Because the gene targeting was done in 129͞Ola embryonic stem cells (13) and because the 129 inbred strain background is known to harbor colitis susceptibility modifier genes (14) , it was essential to define the length of the congenic segment carrying strain 129 alleles in linkage disequilibrium to the disrupted Il10 gene in both C3H and B6 congenic stocks. The strain 129-derived segment in the C3H congenic stock spanned at least a 43.4-cM region from D1Mit10 (56.6 cM) to D1Mit166 (100 cM). In the B6 congenic stock, the strain 129-derived region spanned at least an 18.6-cM region from D1Mit415 (51.4 cM) to D1Mit445 (70 cM).
Histology and Colitis Assessment. Once the mice reached 6 weeks of age, they were necropsied after CO 2 asphyxiation and prepared for histology as described previously (17) . The cecum and colon from each mouse were separated, then distended by intraluminal injection using Telly's acid alcohol formalin, and immersed in fixative overnight. Two hematoxylin and eosinstained sections of the cecum and one of the colon were coded and reviewed by a pathologist (J.P.S.) who had no prior knowledge of the code. Histology of the cecum and colon was scored separately by using criteria described previously (15) ; these criteria included severity, hyperplasia, ulceration, and the percentage of area involved. Further, the colon was examined and graded as three individual areas: proximal, middle, and distal. Total scores were determined for the cecum and colon by adding the values of lesions associated with the severity, hyperplasia, ulceration, and percentage of tissue involved. Cecum total score ranged from 0 to 12. Colon total score ranged from 0 to 36, because individual scores from the proximal (0-12), middle (0-12), and distal (0-12) regions of the colon were combined. The lesion severity, hyperplasia, ulceration, and percentage of area involved were graded as follows: 0 ϭ normal, 1 ϭ mild, 2 ϭ moderate, and 3 ϭ severe.
Genotyping. DNA was isolated from 5-mm tail clips and frozen kidneys by using phenol͞chloroform extraction. DNAs for all F 2 segregants were genotyped by PCR using microsatellite markers purchased from Research Genetics (Huntsville, AL). Cyclers (MJ Research, Cambridge, MA) were used, and products were separated on 4% Metaphor͞LE (3:1) agarose gels (BMA Biomedicals). The Jackson Laboratory's allele typing service also provided multiplex genotyping data by using ABI 370 instrumentation. Ninety-four informative microsatellite markers distinguishing C3H and B6 were used, providing coverage at least every 20 cM on each autosome and Chr. X (18) . The list of markers is available on request. The linkage maps and marker positions reported are based on The Jackson Laboratory's online Mouse Genome Informatics resource (www.informatics.jax.org).
Flow Cytometric Analysis of Blood Leukocytes. One day before necropsy, Ϸ150 l of blood was collected from the retro-orbital venous plexus for analysis of leukocyte populations by flow cytometry. Whole blood was placed in 1 ml of Hanks' buffered salt solution containing 5 mM EDTA and then put on ice. Red blood cells were lysed in 3 ml of Gey's solution, centrifuged at 1,500 rpm for 5 min (Sorvall model RT6000), and repeated a second time. The following monoclonal antibodies were used in combination for leukocyte staining (PharMingen or The Jackson Laboratory flow cytometry service): cy 3-labeled anti-CD4 mAb (GK1.5-Jackson), FITC-labeled anti-CD8a mAb (53-6.72), and phycoerythrin-labeled anti-CD3 mAb (145-2C11-Jackson); FITC-labeled anti-B220 mAb (RA3-6B2), phycoerythrinlabeled anti-IgM mAb (R6-60.2); and FITC-labeled anti-Mac-1 mAb (M1͞70), phycoerythrin-labeled anti-Gr-1 mAb (RB6-8C5). Propidium iodide was added to each sample to identify dead cells. The percentages of viable CD4 ϩ , CD8 Other Colitis-Associated Subphenotypes. On the day of necropsy, feces were assigned a numerical value for consistency (0 ϭ normal, 1 ϭ soft, and 2 ϭ diarrhea). In addition, feces were collected and prepared for secretory IgA measures via sandwich ELISA as described previously (15), with data expressed as ng of IgA͞ml. Serum was also collected, and levels of total IgG reactivity against Escherichia coli membrane (ECM) antigens as well as isotype-specific IgG2a were measured by ELISA as described previously (20) . Spleens and mesenteric lymph nodes were weighed and expressed as a ratio to body weight.
Statistical Analysis. Genome scans were carried out by using both marker regression and interval mapping analysis. Because similar results were obtained by using both methods, only the results of interval mapping are presented. Logarithm of odds ratio (LOD) scores for main effects were computed at 2-cM intervals across the autosomal genome, and LOD scores for pairwise scans were done at 5-cM resolution. The data generated by this project included 22 quantities related to severity of colitis. Some of these quantities are derived (e.g., total scores). There is moderate to high correlation among the various measurements, and thus it is difficult to assess the effective number of independent factors. Some analyses were carried out by using multivariate genome scans and also principle components analysis to reduce the dimensionality. Results obtained by these analyses were largely concordant with the individual trait genome scans. The interpretation of results was simplified by focusing on the individual trait genome scans. Significance of QTL was established by permutation analysis. Pairwise interactions among QTL were assessed by using genome-wide scans as described by Sugiyama et al. (21) and also by Sen and Churchill (22) . Briefly, the significance of a QTL pair was assessed first by using an overall F test (with 8 and 399 degrees of freedom) for a full two-way ANOVA model of genotypic effects. When this test exceeded the genome-wide threshold as established by permutation analysis, secondary tests were carried out to test for an interaction effect. If an interaction was indicated, testing was stopped and an interacting QTL pair was declared. If no significant evidence for interaction was uncovered, each of the single QTL models was compared with the two QTL additive model. Both tests must be significant to indicate an additive QTL pair. These secondary tests were carried out at a nominal 0.005 level to account for testing of more than one but fewer than 10 potential QTL pairs. All software used in this analysis is available at www.jax.org͞research͞churchill or by request from G.A.C.
Results
Distribution of Colitis Lesions. Fig. 1 illustrates the frequency distribution of cecum and colon total scores for the entire F 2 segregating population (both sexes) compared with the parental and F 1 strains (n ϭ 408). The parental and F 1 data shown were reported previously (15) and are reproduced here for comparison to the F 2 distribution. As reported previously in the F 1 generation (15), a cluster of colitis-related subphenotypes exhibited positive correlation with the histopathologic colon parameters scored in the segregating F 2 population. These parameters included spleen͞body weight ratio (r ϭ 0.71), mesenteric lymph node͞body weight ratio (r ϭ 0.54), and diarrhea grade (r ϭ 0.69). Of the various hematological subphenotypes measured by flow cytometry (percentage of B220 ϩ and͞or IgM Table 1 lists all loci with significant (genome-wide level of 0.01) or suggestive (genome-wide level of 0.05) linkage to colitis histopathology. A highly significant colitogenic QTL contributed by the C3H genome was identified on the distal part of Chr. 3. This locus, provisionally designated Cdcs1, was linked to all the histopathologic parameters except for cecum ulceration and distal colon ulceration. It contributed 15% of the genetic variance for total cecum score and 26% of the variance for total colon score. This QTL was also significantly linked to the colitis-associated subphenotypes of diar- Table 2 ). The C3H allele marked by D3Mit348 conferred significantly higher spleen͞ body weight ratio, mesenteric lymph node͞body weight ratio, diarrhea grade, and secretory IgA in feces. Cdcs1 appeared to contribute to most of the colitogenic phenotypes in an additive manner. As shown in Table 1 , D3Mit348 (61.8 cM), a marker allele for Cdcs1, provided an LOD score of 14.6 for cecum total score and an LOD score of 26.5 for colon total score. As shown in Fig. 2 , interval mapping for cecum and colon total score indicated a broad peak spanning 22.1 cM. Almost all histopathologic subphenotypes in both cecum and colon were linked to this QTL; the few exceptions were ulceration in cecum and in distal colon. Suggestive evidence for linkage of this QTL to the traits of anti-ECM IgG, secretory IgA, and percentage of granulocytes was obtained also. A 99% confidence interval for the location of this QTL extends from 65-75 cM along the genetic map of Chr. 3.
A second C3H-derived colitogenic linkage with apparent additive effects was detected on Chr. 1, located proximal to and clearly separable from the congenic region derived from the colitissusceptible 129 strain contributing the targeted Il10 mutation. The strongest effects of this locus, provisionally designated Cdcs2 and marked by D1Mit156 (32.8 cM), were observed in the distal colon (distal colon score, distal colon severity, and distal colon hyperplasia). Attribution of the colitogenic allele to C3H was enabled by the ability to distinguish among C3H, 129, and B6 alleles at this locus and also by the observation that this QTL interacted additively with Cdcs1 (see below). In the C3H.Il10 Ϫ͞Ϫ congenic stock, we confirmed the presence of C3H alleles between the centromere and D1Mit46 at 43.1 cM, a marker at least 10.3 cM distal to the colitogenic D1Mit156 marker for Cdcs2. Similarly, typing of informative microsatellite markers distinguishing strain 129 from B6 alleles in the B6.l10 Ϫ͞Ϫ stock unambiguously confirmed the B6 origin of D1Mit156 in that stock; the most proximal 129-contributed allele detected (D1Mit49) was Ϸ9 cM distal to D1Mit156. Thus, in both stocks, the relevant parental strains and not strain 129 contributed genetic material that included the D1Mit156 marker for Cdcs2.
Cdcs3 provisionally denotes a C3H-derived QTL on Chr. 2 (peak marker D2Mit62, 65 cM) that contributed in an apparent recessive fashion. The observed effects of this QTL were linked to traits (hyperplasia and ulceration) in the distal colon (Table  1 ). Significant evidence for linkage was observed for distal colon score; suggestive evidence was obtained for linkage to distal colon severity.
Genetic Linkage Analysis: Main Effects Colitogenic QTL from B6.
Significant evidence for linkage for certain of the subphenotypes was detected on Chr. 8 (provisionally Cdcs4) and Chr. 17 (provisionally Cdcs5; Table 1 ). Both of these colitogenic contributions came from the relatively IBD-resistant B6 parental genome and appeared dominant. The significant main effect of the B6-derived Cdcs4 locus, marked by D8Mit191 (21 cM), was limited to cecum total score. However, as noted below, Cdcs4 affected other colitogenic subphenotypes through epistatic interactions with multiple other loci. Two Additive and Epistatic Interactions Among Cdcs QTL. Separately, the QTL on Chr. 1, 2, 3, 8, and 17 contributed significant main effects to the histopathologic subphenotypes and other of the colitisrelated blood or fecal parameters. When marker alleles for Cdcs1 conferring the major component of colitogenic susceptibility were paired with markers for the other Cdcs QTL with the main effects noted above, additive contributions were noted for most. In addition, pairwise testing across all markers for significant interactions enabled identification of multiple gene ϫ gene epistatic interactions for histopathologic lesions as well as for the other aforementioned phenotypes. The pairs of loci showing strongest evidence for interactions are detailed in Table 3 . Two markers on Chr. 18 exhibit their effects as part of interacting pairs with D3Mit348 and D8Mit94. Cdcs1, the major C3H susceptibility QTL on Chr. 3 marked by D3Mit348, contributed *F statistic thresholds for significance at genome-wide level of P Ͻ 0.01. The genome-wide 0.01 threshold for the simultaneous pairwise genome scan was estimated to be 4.7 by permutation analysis. The test for interaction is based on the nominal 0.001 significance level, which coincidentally is also 4.7. † Based on tabulated F distribution with 8,399 degrees of freedom. ‡ Based on tabulated F distribution with 4,399 degrees of freedom.
epistatically with the B6-derived QTL on Chr. 18 (marked by D18Mit7) for the subphenotype cecum hyperplasia. Two B6-contributed colitogenic QTL associated with both cecum hyperplasia and cecum total score were detected by pairwise analysis for epistatic interaction. The Chr. 8 marker was D8Mit94 (13 cM), positioned 8 cM proximal to the Cdcs4 marker (D8Mit191) associated with the main effects. The Chr. 18 marker (D18Mit124 at 32 cM) shown to interact epistatically with the Chr. 8 QTL was positioned 18 cM proximal to the marker shown to interact epistatically with Cdcs1 on Chr. 3. Because significant Chr. 18 contributions were detected through epistatic interactions with two different chromosomes (Chr. 3 from C3H and Chr. 8 from B6), a colitogenic QTL on this chromosome was provisionally designated Cdcs6.
The detection of additive interaction for mid-colon lesions between D1Mit156, the marker for Cdcs2, and D3Mit19 at the distal end of the Cdcs1 support interval supported the existence of a C3H-derived colitogenic QTL on Chr. 1. Although no evidence for a significant main effect for loci on Chr. 19 was found, a putative QTL affecting total colon score and middle colon score was indicated through the detection of a significant epistatic interaction between the colitogenic C3H-derived allele at D3Mit257 and a codominant contribution at D19Mit53. Similarly, epistasis was detected with regard to two Ig phenotypes elevated in the C3H.Il10 Ϫ͞Ϫ parental compared with B6.Il10 Ϫ͞Ϫ parental mice. For anti-ECM IgG and IgM ϩ B cell percentage in peripheral blood, the C3H-derived allele at D3Mit189 marking the proximal end of Cdcs1 interacted epistatically with the B6-derived D17Mit34 marker for Cdcs5. For secretory IgA levels, an epistatic interaction was observed between the B6-derived Cdcs4 QTL marked by D8Mit178 and the C3H allele at D12Nds2 (59 cM), a marker within the Ig heavy chain variable chain locus.
Discussion
In this study, we located six major QTL contributing to colitis susceptibility as either main effectors and͞or interacting QTL. The most significant linkage, provisionally designated Cdcs1 on Chr. 3, exhibited C3H susceptibility and was associated with nearly all histopathologic parameters and all colitis-related phenotypes. This locus is the major determinant of colitis susceptibility in this intercross population (accounting for 15-30% of total variance in subphenotypes). However, the secondary QTL represent statistically and biologically significant contributions to the overall phenotype. In the absence of segregation at the Chr. 3 locus, these loci and their interactions would represent major QTL. IBD and colitis susceptibility are clearly complex traits. Comparable epistatic interactions to those underlying colitis susceptibility in our mouse model have been reported recently for IBD susceptibility in humans (9) . Table 4 provides a summary of the mouse linkages along with potential human homologs. Several attractive Cdcs1 candidate genes are located on Chr. 3 within the 99% confidence interval (65-75 cM). These candidates include the Egf gene (65.2 cM) encoding the epidermal growth factor. The parental strains are polymorphic at this locus; hence, allelic variants could affect mucosal susceptibility to injury and facilitate repair of inflammatory damage. Indeed, therapeutic effects were reported after systemic epidermal growth factor administration to rats with trinitrobenzene sulfonic acid-elicited colitis (23) as well as to humans with gastrointestinal diseases (24) . Possibly, epidermal growth factor generates a barrier that limits mucosal injury or functions as a scavenger of reactive oxygen species. In that regard, upregulation of the Nfkb1 gene (68.9 cM), encoding the NF-B p105 transcription factor protein, represents an early response to inflammatory stress (25, 26) with induction observed in areas of inflammation where large quantities of superoxide anion are present such as in colitis. Given the attractiveness of Nfkb1 as a Cdcs1 candidate gene, comparative analysis of C3H versus B6 NF-B activation in response to lipopolysaccharide (LPS) or IL-12 may be informative. The human ortholog for the Cdcs1 locus, if one existed, would be expected on either Chr. 4q or 1p rather than the Crohn's disease-associated IBD1 locus on Chr. 16. However, it is intriguing that the IBD1 candidate gene recently identified, NOD2, is a gene, the product of which activates NF-B, making the latter responsive to LPS stimulation (27) . The reduced LPS sensitivity of C3H mice is linked to a defect of the Toll-like receptor 4 (Tlr4) on Chr. 4. Although the Tlr4 genetic difference did not manifest as a Cdcs QTL, it is known that additional defects in other receptors such as the IL-12R␤ subunit can contribute to LPS insensitivity (28, 29) . Because C3H CD4 ϩ T cells activated by cecal bacterial antigens produce high IFN-␥ levels and these C3H T cells transfer colitis when adoptively transferred into C3H-SCID recipients (16) , this strain may have evolved mechanisms for maintaining higher NF-B levels despite the LPS insensitivity. Indeed, we reported previously that bacterial antigen-stimulated CD4 ϩ T cells from C3H.IL-10-deficient mice secreted much higher levels of IFN-␥ and IL-3 than did CD4 ϩ T cells from B6.IL-10-deficient mice (15) .
Our finding that, in hybrid combinations, the nominally resistant B6 parental genome contributed at least three Cdcs linkages to the colitis subphenotypes is particularly relevant in understanding why colitis heritability in outbred human populations is so complex. Multiple intestinal neoplasias (Mins) can develop in response to mutation in the adenomatosis polyposis coli (Apc) gene on Chr. 18. The B6 background is highly permissive to Apc Min -induced neoplasia compared with other inbred strains surveyed (30) . This B6-specific susceptibility was linked in part to a null mutation in a secretory phospholipase (Pla2g2a) gene on Chr. 6 that epistatically suppressed Apc Min action in other strains expressing this enzyme (31) . In the current study of IL-10 deficiency-induced colitis, a B6 QTL on Chr. 18 marked by D18Mit7 (50 cM) increased the severity SMAD4 , a tumor suppressor factor functioning through the transforming growth factor-␤-signaling pathway. Transforming growth factor-␤ has been shown to have suppressive effects in the development of colon cancer as well as an ability to restore colonic mucosal integrity after inflammatory assault (32) . If an ortholog for Cdcs6 exists, it would map to either human Chr. 5q (APC) or 18q (DCC and SMAD). Evidence for a human 5q colitis linkage has been reported (33) . A deleted portion of 18q containing DCC is detected in Ϸ70% of human colorectal cancers (34) . Another B6 colitogenic QTL showing a significant additive effect in combination with the C3H-derived segment at Cdcs1 was on Chr. 8 and marked by D8Mit191 (21 cM). This locus affected the traits of cecum hyperplasia, cecum-damaged area, and cecum total score. If Nfkb1 were indeed the correct candidate gene for Cdcs1, an elegant candidate for the B6 contribution on Chr. 8 would be Ikbkb (inhibitor of B kinase ␤ or IKK), which helps to maintain activated NF-B. Other interesting candidates in the area are two defensin genes, defensin B (Defb) and the defensin-related cryptdin peptide (Defcr), the fibroblast growth factor receptor 1 (Fgfr1), and a QTL controlling susceptibility to colorectal cancer 8 (Scc8). With regard to Scc8, another QTL controlling responsiveness to carcinogen-induced colorectal carcinoma (Scc7) has been localized to Ϸ71cM on Chr. 3. Hence, the Chr. 3͞Chr. 8 joint effect could entail additive effects of susceptibilities contributed by each parental genome. It was unexpected that with a main effect of mid-colon ulceration on Chr. 17 (mid-colon ulceration) was derived from the B6 rather than C3H genome. Activated peritoneal macrophages from C3H͞HeJ were reported to secrete more tumor necrosis factor-␣ than those from B6; this phenotype was associated with polymorphisms in the Tnfa promoter region (35) . Significantly higher levels of CD8 ϩ T cells circulating in the peripheral blood of our F 2 population was associated also with homozygosity for the C3H alleles at D17Mit34 and D17Nds3. However, the MHC haplotype (H2 k ) of C3H is associated with deletions of genes in the class I Qa2 cluster required for selection of CD8␣␣ cells in the intestinal epithelial lymphocyte compartment (36) . Possibly, the presence of functional B6-derived alleles in the Qa2 region represented the increased colitogenic contribution of this haplotype (H2 b ). It should be noted that IL-10 deficiency in the strain 129 background, which also expresses the H2 b MHC haplotype, also develops severe colitis (14) . In summary, the complexity shown in this analysis of cytokine deficiency-induced colitis in mice underscores the difficulty in elucidating the complex genetics underlying susceptibility to IBD development in humans. We are developing interval-specific congenic stocks (37) to guide analysis of relevant candidate genes in this mouse model system.
